2003, the first follow-up telephone survey was conducted to assess the survival rate and the patients' current QOL. We first confirmed whether the patients were still alive; subsequently, the survivors were asked about their current QOL with questions by a modified Seattle Angina Questionnaire (SAQ). 8 In March 2006, we conducted a second follow-up Circ J 2007; 71: 847 -854 (Received September 25, 2006; revised manuscript received March 5, 2007; accepted March 8, 2007) Background Thus far, the outcome and effect of percutaneous coronary intervention (PCI) or coronary artery bypass graft (CABG) surgery on the quality of life of octogenarian patients has not been accurately assessed in Japan.
ecently, an increasing number of octogenarians have received percutaneous coronary intervention (PCI) or coronary artery bypass graft (CABG) surgery for the treatment of severe coronary artery disease (CAD). 1, 2 The indications for these interventional treatments in elderly patients have changed during the past decade, and a wider range of patients is currently being treated. However, the outcome following these procedures has not yet been accurately assessed in Japan. In these patients, the important goals of these therapies include not only reducing mortality but also improving their quality of life (QOL). Therefore, in this study, we retrospectively analyzed the clinical outcome and reviewed patients' current QOL of elderly patients who had PCI or CABG surgery. By analyzing the relationship between survival rate or QOL and various clinical factors, we identified the factors that are important to deal with when treating octogenarian patients invasively. To further determine the efficacy of PCI and CABG surgery in these patients, we also analyzed the data of medically treated octogenarian patients on the basis of diagnostic catheterization findings.
Methods
At our hospital between January 1, 1991 and March 31, 2002, 256 elderly patients (age, ≥80 years) were admitted to our hospital to receive treatment for ischemic heart Circulation Journal Vol.71, June 2007 disease, and 166 patients received cardiac catheterization. Of these, 100 elderly patients underwent PCI (PCI group) and 28 underwent CABG surgery (CABG group) as the treatment of ischemic heart disease. All the patients had angiographic evidence of significant stenosis (75% or greater) in 1 or more major epicardial coronary arteries. 3 The mode of treatment was selected based on the procedural guidelines of the American College of Cardiology (ACC)/ American Heart Association (AHA) [4] [5] [6] [7] and the physical condition of the patient. CABG surgery was selected when: (1) significant stenotic or occlusive lesions were observed in all 3 epicardial coronary arteries; (2) the stenotic lesion involved the left main trunk (LMT); or (3) stenotic lesions were observed in 2 epicardial arteries, and at least 1 of the 2 lesions was unsuitable for PCI (as a result of chronic total occlusion or a diffuse stenotic lesion). PCI was selected when the patients had PCI-suitable stenotic lesion(s) in 1 or 2 vessels or when urgent revascularization was necessary to treat acute coronary syndrome (ACS). The final choice of the method of treatment was made by the patients and their families after considering the recommendation of the physician-in-charge.
Clinical Outcomes After Treatment
The effect of treatment for ischemic heart disease on patients' prognosis and their functional and emotional health status were retrospectively analyzed by obtaining data from medical records and direct telephone interviews. In Marchtelephone survey to extend the follow-up period of the patients who had received PCI/CABG surgery between April 2000 and May 2002; 163 (98.2%) patients completed the follow-up survey with a follow-up period of more than 4 years.
The in-hospital death rate and survival rate after discharge from the hospital were analyzed for each group. In each treatment group, the following clinical factors that could have affected their survival or QOL were studied: 'age', 'gender', 'type of procedure (emergency vs elective)', 'diabetes', 'renal insufficiency', 'low left ventricular ejection fraction (LVEF)', 'treatment (on-pump vs offpump CABG surgery or stent vs other device [plain balloon or rotablator])', and 'multiple residual stenoses'. Diabetes was defined when the hemoglobin A1c level was >6.5% or when the patients were under treatment for diabetes. Renal insufficiency was defined as a serum creatinine level of >1.5 mg/ml at discharge. Low LVEF was defined as <40% LVEF on transthoracic echocardiography. Multiple residual stenoses was defined as the presence of stenotic or occlusive lesions in 2 or more epicardial arteries after surgical or interventional treatment.
Assessment of the QOL
The SAQ contains a 19-item self-administered questionnaire that quantifies 5 clinically relevant domains of cardiacrelated health status: physical limitation, angina stability, angina frequency, treatment satisfaction, and disease perception/QOL. In this study, of the 19 items of the original questionnaire, we used 5 items to assess the following 4 domains: physical limitation (2 items), angina frequency (1 item), treatment satisfaction (1 item) and QOL (1 item). To simplify the interpretation, scores from 1 to 5 were assigned to each domain, with higher scores indicating a better function. To analyze the effect that clinical factors assessed at the time of invasive treatment had on patients' QOL, we defined patients who had an unsatisfactory QOL as those whose score in at least 1 domain was ≤2; this category was then used as a dependent variable.
Medically Treated Patients
To determine the clinical outcome of the octogenarian patients with CAD who did not require invasive treatment, we analyzed the data of 36 elderly patients who underwent neither PCI nor CABG surgery but received medical treatment (medical group). This group comprised all the patients who received cardiac catheterization for ischemic heart disease but did not undergo CABG surgery or PCI during this period. All the patients in this group experienced a good general condition, and they were considered to well tolerate in receiving PCI/CABG surgery, if it were required.
Statistical Analysis
The data are expressed as the mean ± SD. For intergroup comparisons, one-way repeated-measures ANOVA followed by unpaired Student's t-tests with the Bonferroni correction, Fisher's exact test, or the chi-square test was used. Survival plots were separately prepared for each treatment group by using Kaplan -Meier methods. Factors influencing survival were studied by the Cox proportional hazards model. Among the survivors, factors contributing to the QOL were studied using univariate and stepwise multivariate logistic regression analyses. Factors that showed a p-value of <0.05 in the univariate analysis were selected for multivariate analysis. Statistical significance was defined as p<0.05.
Results
The coronary angiograms showed significant stenosis of multiple vessels or the LMT in 125 patients and stenosis of single vessel in 41 patients. PCI was recommended for 74 of the 125 multivessel-disease patients based on the urgent need for revascularization and the suitability of the lesion(s) for catheter intervention. Medical treatment was considered favorable in 22 patients primarily because critical stenosis (>75%) was not observed in the proximal region of the epicardial coronary arteries. CABG surgery was indicated for the remaining 29 multivessel-disease patients because at least 1 of the main vessels had a stenotic lesion unsuitable for catheter intervention (eg, a chronic total occlusive lesion or a bifurcation lesion). Of the 41 patients with a single-vessel disease, 26 had PCI-suitable lesions, whereas medical treatment was considered appropriate for the others. Contrary to our suggestion, 4 multivessel-disease patients refused to undergo CABG surgery and received either PCI (2 patients) or medical treatment (2 patients). In 1 patient with triple-vessel disease, we performed PCI for only the left anterior descending artery (LAD) lesion instead of complete revascularization by CABG surgery. This was because the patient's weakened general condition did not permit CABG surgery, although it was theoretically expected to confer a better outcome. In 1 patient with multivessel disease and 1 patient with single-vessel disease, we performed percutaneous transluminal coronary revascularization (PTCR) with a thrombolytic agent. Consequently, 28 patients underwent CABG surgery (the CABG group); 100, PCI (the PCI group); 36, medical treatment (the medical group); and 2, PTCR. Four patients underwent CABG after PCI because of insufficient revascularization by the catheter treatment, and they were included in the CABG group for the analysis. The 2 patients who received PTCR were excluded in the analysis.
Baseline characteristics of the 3 groups are shown in Table 1 . The ratio of the patients with multiple CAD was higher in the CABG group than in the other 2 groups. The PCI group comprised more acute myocardial infarction patients than the other groups because most of these patients had received PCI as an immediate therapy for ACS following emergency coronary angiography. In 104 patients, PCI was attempted for 120 lesions (60 for LAD, 24 for left circumflex artery, 33 for right coronary artery, and 3 for LMT). The angiographical success rate was 93.3%. 9 Apart from the treated lesions, residual stenosis persisted in 77 patients after PCI. Complete revascularization was attained by CABG surgery in 28 patients; however, in 15 patients, 1 or more arteries remained occluded or stenotic because bypass grafting could not be performed for these arteries because of certain limitations.
Survival After PCI or CABG
In-Hospital Deaths (A) The PCI group: This group comprised 80 ACS patients and 20 chronic CAD patients. During the in-hospital period after PCI, 20 of the 80 ACS patients (25.0%) and 1 of the 20 chronic CAD patients (5.0%) died. During the procedure, a coronary stent was used in 65 patients (65.0%) and a rotablator device was used in 2 patients (2.0%), whereas the others were treated with plain balloon therapy. The in-hospital death rate was 23.1% in the patients treated with a stent, whereas it was 17.16% in those treated with plain balloon or rotablator device (NS). Therefore, the total in-hospital mortality after PCI was 21.0%. The main causes of death were heart failure (52.3%), infectious disease (28.5%), multiple organ failure (9.5%), bleeding/shock (4.8%) and cerebrovascular accident (4.8%).
(B) The CABG group: On-pump CABG surgery was carried out in 12 patients, whereas off-pump CABG surgery was performed in 16 patients. In-hospital death occurred in 3 patients who had undergone the on-pump CABG surgery (25.0%), whereas it occurred in 1 patient who had undergone the off-pump CABG surgery (6.3%). Thus, the total in-hospital mortality after the CABG surgery was 14.3%. Kaplan -Meier plots of the survival rate in the octogenarians with coronary artery disease. To eliminate the effect of in-hospital death, the analysis included only the follow-up period after hospital discharge. The actual number of survivors in each group is presented within the graph. PCI, percutaneous coronary intervention; CABG, coronary artery bypass graft. patients, 6 died when they were hospitalized for coronary angiography and CAD treatment; 3 patients died of heart failure; 2, infectious disease; and 1, multiple organ failure. The in-hospital death rate for each treatment group is shown in Fig 1. There was no significant difference in the in-hospital death rate between the PCI and CABG groups.
Survival Rate During Follow-up
The survival curves of the patients who underwent PCI, CABG surgery, or medical treatment and did not die during the in-hospital period are shown in Fig 2. The duration of follow-up was 47.7±15.6, 40.8±21.1, and 47.1±18.9 months for the PCI (n=78), CABG (n=24), and medical groups (n= 29), respectively. The log-rank test did not show a statistical difference between the 3 groups with regard to the survival curves of the patients who did not die during the in-hospital period. However, Fisher's exact test showed that the survival rates at 12 and 24 months were significantly lower in the CABG group than in the PCI group. Factors that affected survival during the follow-up period were analyzed for the PCI and CABG groups by using the Cox proportional hazards model. In the PCI group, multiple residual stenoses and renal insufficiency were found to be the significant factors that affected the survival rate, and multivariate analysis confirmed that these 2 were independent factors (Table 2 ). In the CABG group, a significant factor affecting the survival could not be identified due to the small number of patients analyzed.
Health-Related QOL
We obtained the SAQ scores from 73 of the 75 survivors who had undergone either PCI or CABG. The duration of follow-up was 39.0±20.4 months in the PCI group (n=58) and 39.9±30.1 months in the CABG group (n=15). In the medical group, the SAQ score was obtained from 17 naire results for each item are shown based on the treatment groups (Figs 3-7) . Of all the survivors, 80% in the CABG group and 88.2% in the PCI group reported absence of limitation in dressing themselves (Fig 3) . Absent or slight physical limitation during 300 m walking was found in 66.7% patients in the CABG group and 75.4% patients in the PCI group (Fig 4) . Absence of an anginal attack in their daily life was reported by 73.3% patients in the CABG group and 76.3% patients in the PCI group (Fig 5) . In terms of treatment satisfaction, 86.7% patients in the CABG group and 90.9% patients in the PCI group were found to be highly or mostly satisfied with the treatment they received (Fig 6) . The following question was asked to assess the anxiety: 'How often do you worry about developing a heart attack or dying suddenly?' The response was 'never' or 'rarely' by 80% patients in the CABG group and 83.9% patients in the PCI group (Fig 7) . In both PCI and CABG groups, the scores for each questionnaire item were comparable with the scores in the medical group (Figs 3-7) . Overall, more than 70% of survivors reported a score of 4 or 5 for each questionnaire item (Figs 3-7) . Among the 90 patients in the CABG and PCI groups, 23 patients scored ≤2 for at least 1 item. To analyze the clinical factors affecting the QOL, the PCI and CABG survivors were pooled together because their questionnaire scores were indistinguishable. Low LVEF was found to be the only significant factor that influenced the QOL (Table 3) .
Discussion

Outcomes After PCI and CABG
Recently, there has been a marked aging of the population, and concurrently, the treatment strategy for CAD in elderly patients has become more aggressive. 1, 10 This is because not only these patients' life span has been prolonged but also there have been improvements in surgical and interventional techniques and devices are thought to have contributed to the safety of PCI and CABG in elderly patients. Coronary stenting and off-pump bypass surgery have shortened the procedure time and reduced the risk of complications. [11] [12] [13] However, the medical insurance system of Japan is facing a serious financial crisis, mainly because of a significant increase in the medical budget for elderly patients. Therefore, it has become important to review the outcome following the expensive treatment measures for coronary heart disease in elderly patients in an aging society. Because each country has its own medical insurance system, it is essential to discuss this issue on the basis of evidence obtained from individual countries. Therefore, we sought to clarify the long-term clinical outcome of Japanese octogenarian patients after they had undergone an invasive treatment. Our retrospective analysis showed a relatively high in-hospital mortality rate among octogenarians with ACS. According to a previous report, the in-hospital death rate in a general population with ACS was approximately 8%, 14, 15 whereas the mortality rate of the octogenarians analyzed in the present study was 2 to 3 times higher. These results indicate the limited contribution of PCI or CABG surgery to the short-term survival of octogenarians. However, this study showed that the 5-year survival rate of the patients who did not die during the in-hospital period after the CABG surgery or PCI was approximately 60%; this value was comparable with the survival rate reported for an age-matched population in Western Australia. 16 Despite correcting for the differences between the 2 nations, the acceptable long-term survival rate for octogenarians shown in this study is not debatable. Furthermore, the survival curves of the CABG or PCI group did not differ from that of the medically treated group; this indicates that PCI or CABG surgery compensated the disadvantage of greater disease severity and raised the survival rate of these patients to a level comparable with that of the patients not requiring an invasive treatment. Findings similar to those of our study have been recently reported by studies performed in Western countries. It has been suggested that CABG surgery or PCI performed in octogenarian patients has contributed to a favorable prognosis 1, 17 and a symptomatic improvement. 18 QOL After PCI and CABG Maintaining a good QOL is an important issue following a revascularization therapy, particularly, in octogenarians. Bed rest in the hospital for an extended period after PCI or CABG might increase the incidence of physical disability.
Overall
Score 1: I worry about it continuously Score 2: I often worry about it Score 3: I occasionally worry about it Score 4: I rarely worry about it Score 5: I never worry about it CABG PCI Medical Anxiety (How often do you worry about developing a heart attack or dying suddenly?) Following the surgical treatments, patients can develop complications, such as cerebrovascular accidents despite successful coronary revascularization. These risks have been known to increase in parallel with aging. However, in the present study, favorable SAQ scores were obtained not only in the physical domains but also in the mental satisfaction domains after the revascularization therapy, regardless of the treatment method or the severity of the disease. The score in each domain was equivalent to the respective score of the patients who did not require revascularization and received optimal medical treatment. This tendency has also been confirmed by other investigators. PCI has been shown to improve the QOL of elderly patients as well as of nonelderly patients; 10 CABG has also been reported to contribute to comparable QOL improvements in high-risk patients. 19 According to a more recent study conducted in Germany, PCI improves the QOL of octogenarian patients with stable angina as long as they are not at a high risk. 20 Therefore, we should not be greatly concerned about the health-related QOL when selecting a revascularization procedure for octogenarian patients.
Factors Affecting Mortality and QOL
In the PCI group, 'multiple residual stenoses' was found to be a significant factor affecting the prognosis of the octogenarians (Table 2) . Therefore, many patients died after discharge from the hospital when only the culprit lesion was treated and multiple residual stenotic lesions were left untreated. In our institute, the indication for revascularization is usually determined based on a non-invasive test. However, the need of PCI for treating residual stenosis might not have been thoroughly discussed with the patient because complete revascularization was not considered necessary for octogenarian patients. At that point in time, we assumed that the important goal of the treatment for CAD in elderly patients was to eliminate their symptom rather than to improve their prognosis, because we were uncertain how good their long-term outcome was and which strategy could contribute the further improvement. However, we are currently forced to change this concept, because the results of this analysis clearly show that multiple residual stenotic lesions significantly affected the prognosis of the octogenarians.
In terms of the factors that affected QOL, reduced left ventricular (LV) contraction rather than multiple residual stenoses was found to be the significant factor. We speculate that this was mainly because the majority of the patients who died during the follow-up period had multiple residual stenoses and only a small population of the survivors had multiple residual stenoses. Thus, among the survivors, the presence of a low LVEF, which limits exercise tolerance and easily causes symptoms associated with heart failure, replaced residual stenosis as the significant factor affecting the QOL. Recent investigations in octogenarians have reported similar observations with respect to the prognostic factors after PCI. 21 Incomplete revascularization and reduced LV function were reported to be significant predictors of death 2 years after PCI. The recent CABG guideline published by the AHA/ACC recommends complete revascularization when a patient has both multivessel disease and reduced LV function. 22 Interestingly, our analysis showed that among the octogenarian patients, age affected neither prognosis nor QOL after PCI or CABG. Based on the results of multivariate analysis in this study, age appeared to be a very neutral factor (Table 2) . However, compared with younger patients, the octogenarians with severe CAD exhibit a generally worse clinical outcome. Nevertheless, this would not be the case when younger and older octogenarians are compared. Although this finding needs further assessment in a larger population study, invasive treatment should not be abandoned in patients with severe CAD solely because of old age.
Study Limitations
In the present analysis, because the clinical background was not identical in each group, we could not truly compare the outcome or the status of the QOL among the treatment groups. Therefore, we analyzed the factors affecting the prognosis or QOL within each group. Second, the current QOL was obtained only from the survivors. The results of the questionnaire did not reflect the QOL of the patients who died soon after PCI, CABG or medical treatment. This might be an important limitation of this analysis because the patients who did not survive probably had a lower QOL. However, the results of the questionnaire clearly indicated that most survivors had a satisfactory physical and mental status after treatment, irrespective of the type of treatment they received.
Conclusion
The present study showed a satisfactory long-term outcome of the patients who did not die during the in-hospital period after the CABG surgery or PCI. In the survivors, these aggressive treatments did not have any unfavorable effect on the physical and mental QOL. It is important to develop a therapeutic strategy that minimizes residual stenosis because 'multiple residual stenoses' is closely associated with the outcome of these patients.
